DOCUMENT RESUNMNE
®D 099 974 EA 006 591
AUTHOR Nunamaker, J. F,, Jr.; And Others
TITLE | GPLAN: A Generalized Data Base Planning System,
INSTITOTION Purdue Univ., Lafayette, ‘Ind., Herman C, Krannert
: Graduate School of Industrial Administration.
REPORT NO Pap=-392
PUB DATE Jan 73
NOTE 47p.
EDRS PRICE MP-$0.75 HC-$1.85 PLUS POSTAGE |
DESCRIPTORS *Data Bases; Decision Making; *Information Systems;.
*Management Systems; Models; *Planning; Problem
Solving; Simulation; *Systems Development
IDENTIFIERS *Generalized Data Base Planning System; GPLAN :
ABSTRACT | . j
It is recognized that there is a major gap between i
the promises of large data bases and optimization and simulation !
models and their actual ability to solve real world problems. This !
document describes a Generalized Data Base Planning System (GPLAN), ;
. currently being developed at Purdue University, that is proposed as a l
_system to bridge this gap. A number of systems contain some of the :
- components of GPLAN, and a survey of ‘each system is presented with '
details of its contribution to GPLAN design. Research on two systeas |
at Purdue is directly leading to the development of GPLAN. One .
application is concerned vith the development of a regional water !
pollution control planning system; the other is an interactive , |
inforaation system design package, The authors suggest that GPLAN is :
a¢ much a major advance over a Generalized Data Management System o
(GDHS) as a GDHS is a major advance over application programs vith iy
formatted sequential files. A bibliography is included. Diagrams may 4
reproduce poorly. (Author/DN) ‘ i
!




U.S OEPARTMENT OF HEALTH,
EDUCATION A WELFARE
NATIONAL INSTITUTE OF

EDUCATION

THIS DOCUMENT HAS BEEN REPRO
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN
ATING 1T POINTS OF VIEW OR OPFINIONS
STATED DO NOT NECESSARILY REPRE
SENT OF FICIAL NATIONAL INSTITUTE OF
EDUCATION POSITIQN OR POLICY *

ED 099974

GPIAN:
A GENERALIZED DATA BASE PIANNIm SYSTEM

by

Jo Fo Nwr’ Jro
D. E, Swenson.
and

A. B, Whinston

Paper No. 3R - Janvary 1973

Institute :ggn Re;ggz:&ht én ﬁg
BEHAVI M
VANAGRMEN® SCTENCES

KRANKERT amtnm SCHOOL OF
INDUSTRIAL ADMINISTRATION

Purdue University
Weat lafayette, Indians

EA €G3 591




GPLAN: A Geméralized Data Base Planning System

J. F. Nunamakef, Jr,

D, E, Swenson 1

A. B, Whinston 2,3

September, 1972

Purdue University
West Lafayette, Indiana

1 Computer Sciences Department
2 School of Industrial Administration
3 Economics Department




T T N e T e e S e S n S S L]

GPLAN: A Generalized Data Base Planning System
by
J. F. Nunamaker, Jr., D. E. Swenson, and A. B. Whinston

Purdue University
ABSTRACT

It is recognized that there is a major void between the promises of
large data bases and optimization and simulation models and their actual
use to solve real world problems. A Generalized Data Base Planning
System (GPLAN), currently being developed at Purdue University, is pro-
posed as a system to bridge this gap. A nunber of systems contain gome
of the components of GPLAN, and a survey of each system is presented with
details of its contribution to GPLAN design.

Research on two systems at Purdue University is directly leading to the
development of GPLAN. One application is concerned with the development
of a regional water pollution control planning system, and the othet
application is an interactive information system design package.

A Generalized Data Base Planning System is not just a new name
for A Generalized Data Management System (GDMS), but represents a new
generation of software. GPLAN is as much a major advance over a GDMS,
as a GDMS 1s a major advance over application programs with formatted
sequential files.




GPLAN: A Generalized Data Base Planning System

J. F, Nunamaker, Jr., D, E, Swenson, and A, B. Whinston

Purdue University

Introduction

Societal problems and industrial problems, if they‘are‘to be studied

analytically, will require two broad components: - first, a structure or model

fo analyze the interaction of the variables; and second, a large scale data base.

The data base may be used in various ways, such as validation of the model's

parameters, input data for actual runs of the model, and siﬁply providing the

data itself for other interests, While the ability to devise meaningful models
“ with appropriate supporting data is of primary importance for the advancement of Our.
capacity to serve societal and industrizl needs, the possibility’of,integrating the
data base handling techniques with techniques of simulation and optimization will
greatly facilitate this work.

With the advent of large scale computers and complex operating systems
during the last six years, the capacity exists for the processing of large Séaié
applications. In addition, much work has been done with respect to the development
of Generalized Data Management Systems (GDMS),which were designed to handle- and
manage large data bases, Typically, such systems have been used by management
of large industrial and military organizations., These systems are used for
handling inventory, receivables, customer accountihg and billing, quality
A control and othér administrative tasks,
| Generalized Data Management Systems have contributed to increased use of
eomputéfé,but a major void still exists. The problem of many application programs
interacting automatically with a single data base remains a major barrier to

general use of an information system as a planning system,




The use of an information system as a planning system will come about only
when a methodology erists for automatically creating the data files needed by the
many application programs uand answering general queries of the data base at the
same time, What is needed is a software system that, as a result of a specific
query from a user, can: 1. retrieve the data necessary to answer the query;
and/or 2. set up the application prégram or model that must be run to answer
the query. This requires that the data be automatically retrieved and arranged
in the proper format required by the model,

The value of such a software system is based upon: 1, the efficiency of
storing and retrieving data; and 2, the range of services provi@ed through the
interactive query system, /

The planning system must be designed so that the user is freed from the
mundane task of data preparation, which can be tedious and frought with human
errors, in order to run a model. Often, the user is not familiar with the problems
and procedures of data handling, and, in most cases, would. prefer not being
bothered with the data handling at all,

A user who has just queried a data base will have gained very little if
he must further select, re-arrange, reformat, and punch his retrieved data
for input to an application program or model, Thus what is needed 15 a Generalized
Data Base Planning System (GPLAN), which results from the extension of a Generalized
Data Management System to handle the automatic setup of models from a Data Base
as instructed by the user through the Query Language. GPLAN is a natural extension
of GDMS and represents the next generation of GDM3's,

In many areas, there hés been considerable work on development of simulation
and optimization packéges, with the end result that these packages are not really
used by the people who should be using them. The reasons for this huge investment

in application packages with little resultant usefulness are simple., The packages




are so difficult to use, requiring either very much technical knowledge in the
particular mathematical programming technique and/or complex file setup and manipulation
steps, that few people are able to use the package without relying heavily on

technical help or considerable education in the specifics of.each particular

package,

It is obvious that to increase the ﬁsefulness of simulation and optimization
packages, the nontechnical and/or management personnel who are knowledgeable in
the general area of endeavor should be able to easily use these packages.

What is proposed here is to generalize data base planning systems. For a
specific area of human endeavor needing such a system, this would mean that it
would be easy to set up a data base, link it with application packages, and query
it in a meaningful manner -- in short, it would be easy to set up a generalized
planning system, This would mean that ad hoc solutions to specific areas
would be replaced with a generalized approach comprehensive enough to solve
many of the problems occurring in setting up specific planning systems. .

In order to take advantage of the knowledge that can be gained from the
consideration of specific systems, a regional water pollution control planning
system is described briefly - and used for some examples throughout the rest
of the paper, This systemis discussed in order to develop the proper motivation

for a Generalized Planning System,




Water Pollution Control Planning System

The purpose of the water pollution control planning system is to develop
a plan that minimizes the cost of pollution abatement structures while
satisfying a set of water quality goals throughout an entire river basin.
This planning system uses the most prevalent measure of water qﬁality in
use today, the level of dissolved oxygen concentration.

The constraints of this model are constructed by dividing the river into
sections and constraining the water quality, interprated as the dissclved
oxygen deficit level, to be met at the end of each section. Starting from
the headwaters of the river, new sections are defined whenever the river
parameters change significantly, such as effluent flow entering the river,
incremental flow entering the river (tributary flow, ground water, etc.),
the flow in the main channel being augmented or diverted, or the parametere
describing the river changing gradually over a longer distance.

The quality constraints are sequentially dependent in that the quality
in each section is a function of the quality in the preceding section.

But the possibility of tributaries, flow augmentation, and incremental and
effluent flows entering at downstream points, complicates the relationship
between the constraints.

Three possible treatment techniques are ailowed for in the model:

1. by-pass piping; 2. regional and on-site treatment plants; and 3. flow
augmentation. Thus piping flows are allowed from each polluter to each
river section, from each polluter to each treatment plant, and from

each treatment plant to each river section.

In addition to quality constraints, flow conservation constraints are
needed for both the polluters and the treatment plants,

The solution technique of the model is the use of a general purpose
non-linear algorithm adapted for this model. The major problém involved
in adapting the algorithm was the calculation of the partial derivatives
of both the constraints and the objective function. These partials were
necessary to set up a local Linear Programming problem to deternine the
direction of search in the stepwise nonlinear problem. Starting with a
point in the domain of the objective function, a new point ie calculated from
it by making a step to either reduce the value of the objective function,
if the original point is a feasible soluticﬁ to the nonlinear programming

8
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problem, or obtain a '"more feasible" solution if the point is en
infeasible sclution ("more feasible' by reducing the value of the

most infeasible constraint).

The cost fuunction essentially involves the costs of new or upgraded
treatment plants, reservoirs for flow augmentation, and various costs of

new pipes te or frem the polluters, treatment plants, and river sections,

Difficulty with the Present Approach

Let us take an example of solviug a mathem&tical progracming problaem
(although any complex application problem would be similar), such as the
nonlinear programming model discussed in the water pollution contiol plemnning
system. A programmey with knowledge of mathematical programming theory, or
a group of people which together has the redguired krowledge, would wrlite and
check out a program tc solve the specific problew. 7Then data would be
gaﬁhered and stored {n the format necessary for the program. To check out
. the data, separate programs would have to be written to test each part of
the input data file far which testing was neéded. teveral sets of conrrec-
tions to the data file wculd probabliv need to be made.

The programmer (user) wouid then have to 111 out some control cards glving
various parameters ol his data. Obtaining these parameters might involve
some manual calculationus and may require runmilng some other programs
or: the original data.

Finally, the mathewatical model could be run and, with several iterations
and interpretations by the knowledgeable mathematical programming person,
the problem could be solved, A report would have to be written explaining
the problem and 1its Fomputer selution. To sclve a similar problem would
take almost the same steps, except that a lot of the existing programs could
probably be used, although wajor revisions are also possible.

. The existing data ou a file for solving this problem is most likely
useable only for thi§ application, even though parts of it may be useable
for othar applications.

The time lag between problem recognition and problem solution will be
too long and the cost will be expensive, Tt is possible that, without
countless hours of detailed documentation, the program written 4g unuseable
except for one or a few people.

ERIC t
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1f we conslder the water pollution control planning aystam, set up an an
application program with a file, the informaticn on treatment plant cost
data aand the parameters of the rivers cannot be used easily by anyens other
than the developers of the system, unless the vev user kuows the specific

format of the data and how it is stored on aux{lliary memory.

Motivation for the Development of Generalilzed Data Base Planning Systems

We must define what a Generalized Data Management System 13, before we
define the characteristics of a Genuralilied Data Base Plennirg Svstem,

Groner and Goel3 define and characterize a Cencralized Data Management
System as follows:

"A GDMS consists of da*a, structure, and a set of algorichms for mani~
pulating the data and the structure., It acts as a communicatlon channel
between the user cdmmunity and the data bhase, Minkeré characterizes u
GDMS as follows: 'A data management system is considered geuerasllizsd when
it permits the manipulation of newlv defined files and data with the existing
programs and systems.' (A GPMS] f{acllitutes reference to data by name
and not by physical lJocation,' and, '[it] facllitates the expressiom of

logical relations among data items.'

A well designed GDMS permite users
to access and manipulare slements of the data base in a way tha:t s both
natural and convenient for them and efficient in terms of its systew
utilization.

"Much of the benefit derived from a GDMS results from the insulation of
the people and programs from the data. In conventicnal systems the structure
of the data must be explicitly embodled in each program accessing the djta.
Thie limits the application of programs to data whose strucvure has been
defined to them. [t also limits the abillity to restructure data in res-
ponse to new needs withcout modiflying every program embodving the old struce
ture. These limitations 'n applicabllity of programs and the flexibility
of the data base impuse a rigidity upon conventional data processing syatems.
While this rigidity is not zerious in repetitive'well defined tasks such
as payroll or inventory control, it i3 a declded obstacle to the successful

per formance of svstemsthat must vespond to continually changing requirements.

40
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"GDMS svstems evolved from sequential formatted file systema. This
evolution has been in the dicrection of more complex Yoglical data structures
and more complex operations upon them."ll

The workvon Generallzed Data Management Systems antll now has focused
on two related, but distinctly different approaches to the deslpn of data
nanagemen t systems.S The first approach involved the design of a spectal
query system for retrieving data from a data base. This approach perultted
new programmers to readily access data and to ask sophisticated questions of
the data base. 'The query capability made this approach very popuiar, but it
has a serlous drawback. WNamely, that it is extremely difficult to process
other applications written in FORTEAN, COBOL, PL/1, 2te., against the
data base. Fxamples of ﬁhe fizst approach are Informatlice Mark 1V and GIS
of TBM. As a result of this deficiency, many pecple preferred tha sscond
approach which involved extensions to hoat larguages (FORTRAN, CUROL, eta.)
that gave the programmer some general file handling capability. However,
the non-prograwning user found this approach undesirable, since, 1f he warted
a query answered, he nad to write the program(s) in the hosc language
to retrieve the data. Examples of the second approach are General Llectric's
IDS (Integrated Data Stor2) and Burrough's 0isk FORTL (Disk File Organization
Technique).

Now the CODASYL Data Base lask Group6 has proposed (see Appendix A) a
solution to the problem, but in Ilts svecifications lLas glven firet priority
to the host language approach, with COBOL as the first language. To Inter-
face between a host programming language and g dats Sase, a specific sub-
schema Data Description Language and an appropriate Data Manipulation
Language need to be provided. When an interfsce ls provided, applications
still must be implemenied in the specific host language ayscem., (While thie
may not be a problem wher and 1f the standardized implementation of CODASYIL
DBTG concepts occurs throughout the industry for the m: jor higher level
languages, 1t 1s quite & dyawb;uk for several vears to come.,) Even 1f
CODASYL's concepts were 4tl implemeﬁted, we are still without a systen
that a planner or manager could easi{ly use. GPLAN ig proposed as such a

system,
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GPLAN 18 & synthesis of cowponent, from othev uystems. There are a
number of systems that exhibit some, but wot all, of the features of

GPIAN. Exawples of some of these systems are:

"
1. NAPSS: Numerical Analysis Problem Solving Systen.’

n ' &

-« SODA: Systems Optimization and Desigu Algorithm, ;
: y P esign Algoritim aEST COPY AVAILABLE
3. GDMS: Geueralized Data Management Systuns, *7°

Q
(a) System 2000 - MRT”

(b) RAMIS - Mathematica, Inc.lo

(c) 15 - 1BM™t

(d) DISK Y¥ORTE - Burroughs Corporntionlz
t. opTIMA.L3

Numerical Analysis Problem Sclving Syatem (NAPSS)

A system that is a specilal case of GPLAN 13 the Nunericnl Analvsis
Problem Solving System (NAPSY) designed and fmw'ementaed at Furdue University.

A long recognized goal of Conputer Sclence has bren to facilitate the
stating of problemsin languages appropriate to the specific {ilelds in which
the problems exist, oad chen to provide for this suvluticn without the
services of highly tialned programmers and aralysts. These syotems are
"problem solving systems" and theilr larguages are problen-oriented languages.
Thus the aim of the NAPSS project 1s to makg_uhv computer behave as 1f 1t
had some of the tnowloadge, ubillity, 2nd Insight of a professional numerical
analyat.

A user unskilled 1a numarical analysis con descviba relatively complex
problems in a simple mathematlcal language. Then the syscem selects algos
rithms, performanalyses, and gives diagnostics of possible difficulties
and meaningless results.

The problem=-criented language of NAPSS uses scae of the applicable
notation of Fortran, Algol, and FL-l, slace thav have quite similav facilities

fer describing computational algorithms. But it geoes beyoud these languages

“to include wathematical concepts such =n Integration, differentiation,

algebraic and differential equations, and approximatiuﬁ as part of the
baslc language. _

The basic approachk o the system design 1s thrvough the development of
polyalgorithms which become the numerical analysis packages that are the
essential elements of the problam solving system, "A polyalporithm ls '
formed by the syntheais of a group of numerical methods and & logical
structure into an integrated procedure for solving a specific type of mathe-
matical problem."l ‘e goal of a polyalgorithm lg to combine

12
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a number of algorithms (corresponding to numericel wethods) with a
atrategy for their selectlon, and use a procedure which ls relatively
efficlent aud very reliable.

The NAPSS system exists as an extenslon of a procedursa-oriented
language in an environment, permitting both on-line and remote use of
the system, Initially, NAPSS statements were treated as macro-statements
in Fortran and were expanded in-line into a sequence of Fortran state-
ments which were Input to an incremental Forcran processor. While
NAPSS operates most frequently in an online time=-sharing environment,
it will accept programs submitted for batch processing. Parameter
values that are needed by NAPSS can be entered at a terminal in conver-—
sational mode or be present on a standard or user-namcd input file
for eltlier conversatioral or remote mode,

In figures la and 1b we can see how NAPSS can be put into & more

general structure with a renaming of its componeats.

Polyalgorithms
s o~ (Sophisgticated
_\.ucra-,ment-u GI‘OLlpS of
Problen-Oriented Numers.cal
[ Language Analyzer Methods
Standard or (Exparding Macros [~ l 3)
Named Data File T o P
- to Lxtend Procecdure 1
Oriented Language) ’
p
K
frbBiém-Oriénﬁed
Language
G

..

Figure lat NAPSS: Nunerical Analysis Problem Solving System
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Interfeace Models
Bl T | » M

Query

Analyzer M2

Query '

Language Mk

Figure 1b: NAPSS - GPLAN Tevminology

SODA (Systems Optimization and Design Algoyithm)

SODA 1is a computer-assisted decision making syvstem for the deeign
of information processing systems. SODA generates a complete information
systems design, along with cost/performance projections of how the designed
system will ﬁerform on 4 speci(ied hardware/softwvare configuration. SODA

consists of four major components:

S$57.:S0DA STATEMENT LANGUAGE

SSA:SODA STATEMENT ANALYZER

SGA:SODA GEWERATOR O} ALTEENATLIVES

SPL:SODA PERFORMANCE EVALUATOR

8SA is a computer program that analyzes the requirements of an information
processing system stated in SSL. The Statement Analyzer also provides fead=
back information to the user tc agsist him Jin achieving a better problem
statement.

SSA also produces a ~umber of networks which record the intervelationships
of processes and data and passes the networks on to SGA and SPE,

Each type of input and output 18 specified in terms of the data invelved,
the transformation needed to produce output from input and stored data.
Time and volume trequirements are also stated., SSA analyzes the etatement of
the problem to determife whether the required output can be produced from
the available inputs. The problem statement stored in machine readable foffi
is processed by SSA which:

14
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L. checks for consistency in the Problem Statement (PS) and checks
_ syntax in accordance with SSLj i.e., verifies that the PS satisfies
. SSL rules and is consistent, unambiguous, and complete,

2. prepares summary analyses and.error comments to ald the problem
- : definer in correcting, modifying and extending his PS,

3. prepares data to pass the PS onto $GA, and

4. prepares a number of matrices that cxpress the interralationship
of Processes and Data Sets.
SGA is ‘a procedure for the selecticn of a Comnuter System(cpu, cora
slze, auxiliary memory devices) and the specification of alteraative
tdesigng of program structur2 and file structure. SGA constructs a configu~
ration of equipment in order to evaluate performance of the system., A
uumber of models are used (tc compute tiﬁing estimates) that select timing
factors [or alternative hardvare/software configurations from a data file.
SGA gimulates the jobstream as it would be processed on the selected
. configuration, and,using the factors from the hardware/software Ilbravy,

SGA and SPE produce detalled cost/performance projection reports so

- that the user can evaluate the final design,
There are a number of systems similar to some aspects of SODA, such
as SCERT]'[*’15 and CASE.16

In Figures 2a and 2b it {s shown how SODA fits into a more general

Structure,

15
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— 1 GENERATOR OF
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1, Set up Math
Models.

2, Set up Programs
to Arrange Data,

/

PERFORMANCE
SSA EVALUATOR
STATEMENT
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H
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Figure 2a: SODA: Systems Optimization and Design Algorithm

Models

_’ Interface : Q—-———’u M1
7 :
Query :
Analyzer Mk
Query
Language

S

Figure 2b: SODA: GPLAN Terminology
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Generalized Data Management Systems

SYSTEM 2000

SYSTEM 2000, developed by MRI Systems Corporation, 18 a general-purpose
data base management system. The basic system provides a comprehensive get of
data base management capabilities, 1including the ability to define new data
bases, modify the definition of existing data bases, and retrieve and update
values in these data bases. _

In SYSTEM 2000, the basic components of data base definitions are
data elements and repeating groups. Values are stored in data elements.
Repaating groups describes a structure for storing multiple sets of data
values (data sets) and also serve to link hlerarchical levels of the
definition.

Values for each eieme'g and logical entry (record) may vary in length.
The user may specify without restriction which elements ‘In the data base
are to be inverted and become key 7ields, and what hilerarchic¢al velationship
an element will tave with other elements in the data base. Data securlty
is maintained by password control to the data base and additional password
control to each component,

~ The Procedural Language feature of SYSTEM 2000 enables users to mani-
pulate data in a SYSTEM 2000 data base from COBOL or FORTRAN. This featurs
provides the mechanism to address any part of’the data base of interest to
the procedural program, to retrieve data in a sequence and format suitable
for procedural processing, and to update the data base from the program.,

RAMIS: Random Access Management Information System

RAMIS, developed by Mathematica, Inc,, 1s a data basc management
system which permits a user to describe and build data bases, maintain the
data in the data bases through updates, addi%ions, and deletions, retriove
information from the data bases and display it in meaningful report fore&gﬁ;
or pass the informatfon to other processing prpgrams.,

RAMIS is both a report generator and a data management system, since it
has a simple and logical English~like language, which permits the user to both
tequest information from data bases, and, at the same time, process it into
finished reports.

1'7




PAMIS organizes the physical placement of data into (ree strustures on

random access devices by exploiting the hierarchical relationships of the

data fields, The user has to supply only some minimal informatlon alout these
relationships., User written programs in Fortran, Cobol, Assemwbler, or
PL/1 can also be linked directly into RAMIS,

IMS: Information Management System

The Information Management System (IMS) is a system designed to facili~
tate the implementation of medium to large common data bases in a multi-
application environment.5 This environment 1s created to accowmodate both
online message processing and conventional batch processing, either
saparately or concurrently. The system permits the evolutionary expangion
of data processing applications from a batch-only to a teleprocessing
environment, .

The data base processing capabilities of IMS are provided by a facllity
called Data Language/I1. The data base functiors supported are definition,
creation, access, and maintenance. The full data base capabllities of Data
Language/I can be used in the IMS batch processing or teleprocessing
environment.

Data communication capabiliities ave characwwrized by the use of
input/output terminals in remote and local environments, connected to the
computer, which provide the user with access to the data base. IMS also

has extensive message scheduling, checkpoint, and restart facilities.
DISK FORTE

Disk FORTE, the Burroughs manufacturer system, is programmer~nriented
at the most basic level., Nearly all features and capabilitles of other data
management systems must be programmed in Disk FORTE. Yet, it permits both
hierarchic and network data structures (user-programmed, of course), which
make possible more complex associations among data.

Disk FORTE makes its data management capabilities available through

extensions to COBOL which are handled hy a pre-compiler.

18




Figure 3 shows the generalized structure of SYSTEM 2000, RAMIS,
IMS and DISK FORTE,

Data Bas% W‘ Interface

Data
Manageiment
System

i

Query Analyzer

$

Quexry language

Flgure 3: Generalized Data Managemunt System




OPTIMA |

OPTIMA is an advanced mathematical programming system for the CDC
6000 series computers. It includes advanced algorithms and techniques in
addition to algorithms for standard linear programming formulations. User-
controlled data and storage management features are also provided. |

"The basis of OPTIMA is a revised product-form, composite, bounded vari-
ahle, separable, multipricing, simplex, linear programming algorithm.' Some
of the advanced features that OPTIMA provides are: the capabllity ro form
a nontrivial starcing basis; the ability to start a solution usiug a
previous basis; dynamic control of the frequency of inversion of the
basls matrix; provision for partial and multiple pricing; the use of maps Lo
exclude or include specified vectors in the hasis; and elaborate recovery
procedures. A dual Sptimtzation algorithm 1y available for those problews in
which its use might be advantagecust and postoptimal analysis of a problem
can be accomplished as an integral part of OPTIMA.

Through the use of the Applications Control Language (ACL), OPTIMA
allows dynamic contrnl of the progress and execution of the program. ACL
has loglc and computational capability and provides verbs and phrases for
modifying various parameters and controlling the progress of the solution.

An ACL program must be written for any study. This program defines
the data files to be used and the operations to be performed on these
files, sets any parameters and controls necessary, and calls variloua routines
required to carry out the study.

Two other languages, the Matrix Generator Lavguape (MCL) and the
Report Generator Language (RGL) operate within control of the ACL. MGL
provides capabilities for genefating a problem matrix automatically.

RGL provides the capability for generating reports in any desired format,
and permits computer-generated solutivns to be used for further arithmetie
and logical computation.

© Summary of Comparisons

Figure 4 shows the structures of GPLAN, TIn considering the four
information processing systems 1) NAPSS, 2) SODA,3) GDM3, and 4) OPTIMA,
1t is observed that we must have at least a query language, a query analyzer
and a Generalized Data Management System, NAPSS and SODA are missing the
data management capabllities; the GDMS's are missing those components needed

n

to readily interface models;ﬁ SPTTMA 18 missing the data management and query

capabilities. These differences areé ela?gtjtéd on in Table 1,

16
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Figure 4: GPLAN: Generalized Data Base Planning System




|

DisK
Chyragles 18L1cy TORTH GPLAN M5 LA HARES APTI4 [aM13 BYSTIM_2060
Muvaonie valua Disk File Cenvrattazud  tufor- Sratemy Humerical Rapid Accens
of name Organt - nta Bage pat o Ost et~ Acalysls . Haragoment e
za- b0 Flanning Manzge rattun Praviem Taformat fon
Techalques  tyntem anent Newtgn Solvung Syarom
System Aleotirhm Syt e
{apl emeatecn Burrougna UM Purtue U. 3 Purdue Control Ma hoan, fca, MK1 “yrtens
Yatversiey Uriversicy  Data Lo Covporaticn
of Michigarn o.prvation
. Hacdware B2500, CLCOHSOU 1BM/ tng, URIVAC L 10H CLT0%20 CLC6L00 LRE/26D, 370 Tiy 350,370
B3500 . IBM370 10 LM 80/u? : UNIVAC 1104,1108
e DE_BS0C . CiC 8007, Gy OIr 50
- What {3 rhe Manufac- Maayfac- Information Numertcal Mathomsc: - Neamanufac - Mormnufacturer’a
8y9° enl turer's turer’a Svalem Anialyals 20 Vrograw~  turer's DOMS  DBNS
DR aRET Y Destan Svatem ving Swir ap
Systea lmpla- CoBoL, FORTRAN YAL FORTRAN FORTRAN PORTRAN FORTRAN apa BAl,
genratior !atguage BAL /(s : ‘and AA1,
User Lsnguage CONOL JWN Cl)IEO:.. OWN ol oW N Aasendler
_ exteasiong LTy BAL CORY L PORTRAN
File Organfzation  Uacrdecod special sequertfal Seanentia!  Seaudnd $al Sequentig) Soacla) S“JLCM\).
(starage Struc- Rasuion tite Index.. : file i
rures - ander Index-Raa- Scrue - Sequential frracture Styucture
user control dom,lrdex wure Direct .
1{ visible to Scquential access
aser) (vigible to (visinle to
user) uLer . .
Data Structures Hi{srarchic  Weravshie  Hiwr:cchic 3ejuential  Seguential Sequentinl Trary fiierarchiz
Alloved or Netuwark OF ey qpl — o
Stovage Medla lead~per- Diroe: Biee-g Divect System Syatam Lirece Bi:ace
toack Dirvegt’ Accevs Al ess Accodn Flics Files Arcegs Acront
Acceas DeviceS  Neviren Ve tred Devices Devices Pavices
Ugers: .
Naopcogravumicg X } A .. IO, YO X
TR < 3 e b X —— LA—
* Yger Languagy
Classificatiors?
o Yabular X L s wrnts mere e
. ¢ fid X ¥ — X - X Z_
Sroe X X s q
Procedurul N s s veomanns LI 2 o
. X X
tucediral | s SIALN
. | i ! '
Chatecteris tcs CORORTE I e e LoaerA | naPes ] oPTIMA L BAMIS | SYSIEM_200)
) Jyves u\ - ’ ) 1 (
Query Language: , 5. atgka { i
. Daia Base Juories Allowed? < X L L NSV R
Aoplication achiges or Mudels ! . ;
Querivas Al uueu X £ 3 b} ) - -
o [}
Problem Oviented Language L ¢ ! o i X {.....,..l......u....... —
Yine uto-
Query Analyzev: (gm:mneﬁ? o '
8asie Data Pase yueries N b4 - x X { y _4‘
! d .
Application Package or Modeld l i ' }
Quet (eg X X S S, ouw var surn wevemmy o e o
. [
froblem Or tenicl Language - % S T SV SN S e vorericen o
Fapandnbie Autiant fcanl v . oo o X S L....-.‘.. -"f - s e
Aprlicetion Packiges o uls: ! | {
Mothematical and‘vr oplimi- ) i ‘ i
zat fon models — fn b X A s ot e o s e i s
Statiscical Packapes ‘__?'L___“_{, dove e i
Sinuiatfons - N cmrva e ] o ! -
Any Progrom CoBoi . J
. fuser prograweedy X —— lr
Any package (grour of )
Interconnected programs) X
- Compar{son with Ghb'S
Componants:
' X X A o
__User B U . X X -
o _Query Langnage 4 . A 2 - : £
__ Query Annlyveer . ¥ . % X A X X e eaa G S
1
bata M onagesunt Syster X N . ¥ - . 4 - X. i
ngerfack v X J X ¥ A X LN .
Lot have " 4 X A ! A : ¥ . -
() " '
Q Lrdels . - - o . e e s LA SN I I
EMC Takla 1 PAamnariane nf T?C;ngaﬁ-{,“ Deunnamind mn Qs brme
2 /




T RE=,

19

Components of a Generalized Data Base Planning System

A synthesis of rhe previcus systems results in the definition of
the following nine components of a Generallzed Dara Base Planning

System:

L. A Generalized Data Management System (GDMS)
2. Raw Data for the Data Base
3. A Query Language
4. A Query Analyzer
5. A Collection of Application Packages or Models
6. Administrative Report Module
7. User's Interface
8. Extraction Files
9. .Users
Fach of these components is discussed in more deteil in the following
sections. An overview of GPLAN for Water Pollutfon Contro: s shown

in Figure 5 and Figure 6.
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Water Pollution

DATA BASE

. Environmental Water Quality Standardas
. Location and Plant Cost Data
3. Water Quality Data

4. Economic Pata; Industry Tax Base

Description of Data in Data Base
(Schema)

v

Data | Dsta lQuery Data ]Search and !Administrative Statistlical and)
{Organization |Input Mcdule |Output |Manipu1ate %Report Optimizational i
, {Module Module (Module |Module §Module Module

DATA MANACEMENT SOFIWARE SYSTLM

.. ‘ i

, Optimization and
Retrieval Function Simulation Models

(Data Base) : Written in FORTRAN

/4

Query Analyzer

Data Administration : i
Functions of Inputing,
Deleting, and Modifying
Data in Data Base

Query Languege
For Pollution
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v

FIGURE 5% - GPLAN for Water Pollutiou Control
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teremma e

A Generalized Data Base Management System that is implemented at a
particular installation under a specifled operating system must be.
avallable. The GDMS must meet minimum requirements as to data astructure
definition, data base loading, data base updating, snd data base retrieval,
and it nmust satisfy some minimum set of queries, a5 specified in the
following section.

Six general functions must be provided by the GDMS:

Input - the gdystem accepts data values or information about data Atructures,

Search - the system searches the data basa by examining the descriptions of

data structures and storage structures to ascertain the existence
and location of certain data values.

Storage - the system accesses a data base to add, insert, modify, or delete
~data values,

Maintenance - the system generates or modifies descriptions of data, data
structures, and storage structures to adapt to change.

Retrieval - the system accesses a data base to obtain data values previously
stored,

Qutput - the system exhibits data values or information about data structures
and storage structures.

2. Raw Data for a Data Base

The raw data for the planning system must be available in whatever
form it can be collected. A Data Input Module 1s used to convert the raw
data into a form necessary to be lnaded by the GDMS into the data bacse.

To refer to the data in the data base, the following terms, adapted
from the CODASYL Data Base Task Group Report, are defined:

DDL - Data Description Language. A language for defining data and their
relationships. The DDL is divided into schema and sub-schema.
Schema = 1hat part of the DDL which defines the "universal" data base.

Sut-schema - That part of the DD". which desc:ibes the data known to each
application vprograr or model.

A schema describing the date on the data base must be prepared, (Note that

the DDL 1s not necessarily the one defined in the DBTG report.)

While preliminary Data Input Modules would be dependent on the format
of the raw data and dependent on the GDMS, it is hoped that some measure of
independence can be achieved in the same manaer as the data transformationa
used in implementing the user interface mentioned later.

ek
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3. A Query Language

A Basic Query Language (BQL) defines all those queries that caa Ye handled
by the GDMS alcne and allows the user to request that the DAMS display certain
data or answer questions about the data. The BQL .g¢ a comparative and computation-
ally orlented language used to compare item values with other iter: values, or
with constants, or with results of computatlions. Arithmetl: operators define
the computations to be performed, and logical operators combine simple expres-
sions into compound expressions. The BQL can be extended as application packages ars
added to Include questions that are answered by the new application packages,
i.e., each package adds a set of new juery components to the BCL. 1The BOL,
together with all the query components from the applications packagee, malas
up the Query Language (QL).

General capabilities provided by the (L are:

Selective retrieval - the user specifies the gzlection conditions to be
satlisfied in retlicviny the deslrad data.

Nonselectlve retrieval - the user specifles unconditicnal retrieval of
daca.

Conditional retrievel - th2 user employs verbs such as ITF.....ELSE to test
items for some qualifyving values in determining alternavive conrses of
actriop.

statistical vetrieval ~ the user may query the system about data. Statistical
computations for all the lustances of coe 1tem , for example, wculd include
maxiwum value, minimum value, mean value, medlan value, mode value, standaxrd
deviation, aud total numbe:r of instances.

The QL thus shouvld provide the capability for easily asking questions of the
data base and asking questions that can be nandled by the various application
packages. By including optimization wodels {n the applicatlion packages, the
policymaker 1s able to move efficiently beyond the "What 1f" to the '"What's bast"
question. Moreover, much additionzl vesearch needs to be done on the query lan~
guage (and its assoclated analyzer), since 1lts enhancement adds much to GPLAN.

As an example of the power needed fn Lhe query language, consider the added
components of the plarning model from the Regicnal Water Pollution Control Planning
System. Tt is able to handle two distinct types of planning problems. First, it
ia able to select a least-cost combination of treatment methods, glven water
quality goals and economical, political, and water quality informatinn from the
tlver basin, The second type of question which can be haudled 18 directed towards
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individual projects. Types of individual planning problems that could be

analyzed are:

a. What is the least cost solution for towns X and Y to handle their
effluent? Should they combine to construct and cperate a jolnt
treatment plant?

b, What would be the least cost solution 1f consideration 1a given to
the political constraints that may become operative?

c. What is the optimal plan for capacity exnansion giving consideratlon
to the growth and shift of population and industrial growth in the
basin?

d. What are the least cocst and cptimal treatment plans that correspond
to the task of providing water of high enough quality for certain
recreation activities?

e. What is the sensltivity of the optimal pollution control plan to
costs and constraints?

£f. What is the optimal tradoff between water quality, flow and alter-
native costs? For example, what would the dlfference in costs be
if a plan was to permit the violation of a water quality standard

¢

once in 25 years as compared to once in 50 yesrs?

GPLAN is a methodelcgy for obtaining answers and responses to the above

type of questions.

4, A Query Analyzer (QA)

A Query Language Analyzer must be able to analyze the BQL, and as wany
application package query components as are available. A user enters his
query in the Qly and the Query Analyéer analyzes the question and provides
the user diagnostics to help him reforwulate his question, if necessary.
The query stored in machinz readable form is processed by the QA which:

1. Checks for comsistency in the Query and checks syntax in
accordance with the Query Language; i.e., verifies the QL
rules and is consistent, unambiguous, and complete.

2. Prepares error comments to ald the user in correcting, modifying
and extendirng his CQuery.

3, Decides whether to pass the Query to the GDMS or one of the
application packages.

4, May request additional information from the user if the action to
be initiated requires it, '
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5. A Collection of Appiication Packages or Models

. Application packages are simulation and optimization models, statistical
packages, and other self-contained systems currently functioning under a speci-
fic computer and operating system.

We want to make it as easy as possible to add applicatioa packages, so we
generalize the process by describing how we add a specific package.

We will make several assumpticns about application packages: First, they
are already running as batch jobs rather than interactive jobs. They may have
quite long running times and making them interactive may simply mean waiting
at tﬁe terminal; Second, they require user preparation to get the data raady;
and third, they require other programs to run before the imput data is
complete. |

We must know certain char' ctexistics of an application package or model
before we can cousider tying it inte GPLAN:

A. Input

i1, For each data input, we nmusat know what kind 1t 18 (pure data

or commands) and the assoclated types and formate.

2, For each datua input, we must know what kind of device it is
asgigned to (sequential or random-acceas).

3. We must know the pusses and correct logic steps and transformations
to go from the data buse to each input.

4, For each data input, wbat must be inzluded in system queries to the
GDMS for 3 above?

B. Output

1. Is the output self-explanatory or does it require minor explanation
in the form of good decumentation in the Query Language description?

2., Does the output require much technical knowhow to interpret the
results? If ves, an ocutput interpretation module is required
(e.g. nonlinear river basin model solution.)
C. What query components can it add to the Basic Query Language?
D. Minimal Documentation to,be used by:
1. Systems personnel
2. Non-programmer researcher

30
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6. Administrative Report Module

The Administrative Report Module will produce standard reports tﬁac
must be completed and filed on a routine basis. These reporfs may be
automatically triggered by queries or specifically requested from the
console,

The standard repcrts will be supplied with data from the extraction
file structure.

7. Vser's Interface

Each interface component required for each part of an applications

.package must be defined:

A. Simple input linkage -+ direct to the Data Base.

B. Phased inputs -~ {ncluding self-svarted and analyzed Data Base
retrievals.

C. Any combination of A, and B.

D, Simple output -- direcr from package.

E. Output interpretati.n module needed.
8. Eixtraction Files

Between the data base and the set of applicatiocn packages and the
Administrative Report Module 1s a set of extraction flles containing those
items from the data base that are used for the packages and reports,
Questions to be answered cun extraction flles are!

A, How mary should there be?

8, What items should they contain?

C. What should their data structure and storage structure be?

D. How often should they be updated?

E. 1f a new application package or report is added, what changes
should be made in the extraction file structure?

F. Should some application pa.'ages bypass extraction files entirely?
9. Users

There are t o types of user: counected with GPLAN: the technical
systems perscnnel and the nontechnlcal administrator or manager.

A data administrator and his systems staff are responsible for:
all original data inputs updating of datas restructuring the Data Base and
extraction files as necessary; changing machines and operating eystema;
adding new pacages, standard reports (Administrative Report Module),
and other additions or improvements. These syatems users, taken as a group,
must understand fairly well every component of GPLAN, They possibly
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could get by with not being familiar with some of the application packages,
but then would have to get consultation to patch up or improve on these,
The major group of ugers are non-programming adminiscrators. These
are users who don't know how to program, probably don't want to lzarn, and
definitely shouldn't have to learn. They have a good understanding «f the
area for which the planning systam was designed,or will have to have some
tralning in this area before using GPLAN. Most of the details of the
GPLAN implementaticn should be transparent to these users,and thay should not
notice any chauges in the system,except the addition of new capabllities
(possibly requested by them), new efficlency, or new packager The success
or failure of CPLAN depends on how well rhese users are ahle to carry out
their querying of the data base and interaction with the application
packages using only the quety language and its documentation.
RFMS and RAMI1S waaily mezet and/or exceed the winimal requirenments
for a GDMS as specified above., Thus
all software being developed for GPLAN 13 being {implemented on the CDC
6500 and the. IBM 370/155.
Research is proceeding on the Query Language -~ Query Analyzer
v components in three areas. One area of investigation 18 the relationship
between the QL and QA and the SODA Statement Language and SODA Statement
Analyzer as used in the SODA project. Second, research on QU and QA s
proceeding as a result of the development of the water pollutlon control
models, Finaliy, the stare of the art in artificial intelligence 18

belng fnvestigated for incorporation into the query language and analyzer,

Status of GPLAN

There are two major efforts under way with respect to the development
of GFLAN: '
L. Development and construction uf the software for GPLAN.
2, Work on a <eal world plannirg system (Water Pollution Control)
and develcpment of user training aids.

1. Development of Software for GPLAN

Two different GDMS systems are being evaluated in parallel with the
. construction of GPLAN., Development ie proceeding using RAMIS and REFMS
(Remota Flla Management Syscem), HFMS 18 a version of $YSTEM 2000 that
was originally developed at the University of Texas at Austin, RIMS
has been converted te run under the Purdue MACE Operating System, and
substantial improvements have been added to the original version,
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The two most difficult areas in the development of scfrware for

GPLAN arc thie User's Interface and the Excraction Files. - Thua, a Data

Description Language schema for data base description,and the Data
Description language subschema for the description of application package and
administrative report data requirements, have been defined. Research ia
proceeding on the automatic mapplng between the data basc schema and an
application package's subschems., Included in this mapping is a set of
extraction files to be composed of subsets of items from the data base,

An integer programming model has ber defined which relates the data

items ot the data base to those on the extraction files as required by the
application programs. Alse, a cost function representing the cost of
operating GPLAN has been defined. An important aspect of the problem is
the crtimization of the extractlion files by solving for the extrvaction

{ile arrangement which minimizes operating costs.

2. MWork on a Real Application

Data 1s presently availahle to us from a previous atudy on the West
Fork of the White Rlver in Indiina for the davelopment of a demonstration
project concerning the Water Polluticn Data Base Planning System. The
ingight achieved througlh i:he development of & specific planning system
has already proved to be = tremendous aid in the accomplishment of the
major goal of having a truly easv-to-use system,

The query systen Is being implemented in two modes:

1. Standard 80 column teletype

2, Craphics Terminal

lhe usefulness of GPLAN is enhanced considerably through the effective
use of a graphical diéplay. The graphics terminal offers the obvionrs
advantage of being able to output designs, graphs, etc., in a more visable
and appealing form. But the mailn advantage of interactive graphics is that
it offers the user the capability of complete user interaction with the
planning system. '
‘ Congider, for example, the river basin planning system. ‘The optimization
3 models output a diagram of the optimal solution to a gpecific water pollution
contrnlpTOBIGm’showing the actual location of treatment plants and cooling
towers on a computerized representation of the river basin, i.e., the actual
gsolution 1s illustrated on a map of the river basin, The user may not have
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much confldence in the results, but he can at least relate to the output in
this form. However, Lf he 1s given the opportunity to improve the solution
by making adjustments to the design,or by changing the location or capacity of
a treatment plant through the graphical query’system,he finds that he i8 .
part of the decision making or planning process. Now, wa can let the user
input his own design and then compare the value of the of jective.function
for his design with. the optimal design. GPLAN can then Indicate whether or
not his design is even feasible. The user can also be gilven the opportunity
to experiment with the values of the constraints and try different water.
quality goals. The result of this interactlon is that the user has increased
confidence in the planning system with a unigve appreclation of the special
talents and capabilities of man and machine.

The user can only te convinced that the mathematical solution is
"good" if he can't improve on it himself. This experience was also
supportad by observations from a project concerned with the location of a
najor highway in southern California.17

Interactive graphlcs allows the user to utilize insighﬁ that
often can't be built into models. This man~machine interaction enhances

the planning system and brings the user into the decision making process.
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Appendix A -- The Data Base Task Group Proposal

from: 'The Uebate on Data Base Management,'" EDP Analyuer,
Vol. 10, No. 3 (March, 1972), pp. 4-5. -

What was proposed

In designing the specifications for two data descripticn languages and
a data manipulation language, the DRTC was faced with many options. They
could choose to embed these languages in one or more 'hest' programming
languages, or they could choosc¢ to make them self-contained. They could
orient these languages toward the application programmer, or toward the
non-programming user; that is, they could be procedural or non-procedural.
Or they could choose to support both the application programmers and the
non-programming users.

The DBTC selected what they considered the highest priority tasxs to work
on. They chose the host language approach, with Cobwl being one host language.
And thcy chose to specify o DML at the same level of procedurality as (obol,

At the same time, they designed the DDL and DML so that the general data
base could be interfaced with othedprogramming languages. They deferrud
work on non-procedural languages as being less urgent than the procedural
languages -- but they recogrined the need for the non-precedural languapes.

We will briefly cover some of the key terms invelved. The name schema
DDL was given to the scurce language for defining the conplete data base.
It was to be totally independent of any one prograrming lenguage but able
to interface with a variety of them through wpropriate sub-schema DDLYs
The term sub-schema DDL apnlied to thossz DD ey-r.es that describe the part
of the data base known 0 one or more specifis rrugrams, written in one
programming language. A transiation may be reels, between the way data is
stored in the data base and th: form in which it 1s 7eeded by an application
program. This translation would be defined by the matca between the schema
DDL and the sub-schema DUL. An area is = loglcal cortainer which can hold
records and which can be mapped onto st2rage m. “a, k set of records is a
group of related records, associated by ncinters or pointer arrays. Each
set type has one record type declased as the owr ¢, and one or more types
declared as members. A data base-key is & unique recocd identifier,
defined by the implementor, from which the srea and location within the
area can be determined. The implementor may chonse to uake the physical
record address directly derivabie from the database-ke,

Note that a sub-schema DDL and an appropriste DML provide the interface
between a host programming language and the data base. Note, too, that the
DBTG proposed specifications for the Cobol sube-schema DUL and the Cobol DML,

Cobol sub-schema DDL. Four main sections of the Cobol DDL include the
Renaming Section, Area Section, Set Sectlon, and Record Section. The
Renaming Section allows the data administrator and application programmer
to relate names in the Cobol sub-schema to the names in the complete data
base schema, to provide conformity with what the host language requires.
(For example, Cobol cen have 30-character names, while Fortran can have 6-
character names). The Area Section allows enumerating the areas of the
schema which are included in the sub-schema--and by implicationgto remove
from view all other areas of the schema, It is convenient, but not strictly
accurate, to think of areas in terms of storage media--tracks or cylinders
of mass storage, magnetic tapes, etc. So in the Area Section, those portions sf
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mass storage which the program(s) can access are named. 7The Set Section
allows enumerating and defining the sets of the sclhiema that are to be
included in the sub-schema and again, vemoving from view all other sets,
Finally, the Record Section allows the naming and definition of recerd types
within a4 data base,

While somewhat similar to the record descriptions in Cobol, the Record
Section does differ from it in important respects. The Location Mode,
copied from the schema, defines the means of accessing the record--by
calculation (randemiring), direct (by database key), or by searching
through a named set. The area to which a record is assigned is named.

A record privacy lock can be included, for various types of access, Each
data field is defined by Ficture, Usage, Sign, Occurs, and Privacy Lock,

Cobol DML. Fifteen verbs are defined, for storing, retrieving, etc.; most
of these have two ¢r more optionai formats, as in the case of the Cobo!l
verbs. The verbs and the number of optional formats for esch avre: Open(2)
Close [2), insert 2}, Remove (2), Modify(2), Order (2), Delete (1), Find(7),
Get (2), Store (1), Free (1), Keep (1), Move (2), If(2), and Use (1).

37




BEST COPY AVAILABLE

The following is & Llirting of Institule Papers which are still in
supply. Coples may bLe cbteined from the Secretary of the Institute
Paper and Reprint Series, Krannert Gradunte Schonl of Industrial
Administretion, Purdue University, West lafayetie, Indiana 47907.

(When requeating copies, nlease apecify paper nuaber.,)

Paper

No. Title and Author(s)

83 A CIASS CF UTLLITY FUNUTIONS ADMIMTING TFI'S HOMOGENEOUS
SAVING FUNCTIOW, Petex Jason Kelman.

101 CIASSIFICATION OF INVESTVMENT SRCURITIES USTWY MULPIFIE
DISCRIMAKANT ANALYSTS, Xeith V. Smith.

123 A NOYE ON XONDRATYEFT CYCIES IN FREWAR JAPAY, Charles R. Keen,

138 BORFDOM V. COGWITIVE REAFPRACSAL IN THE IEVELOPMENT OF
COOFERATIVE STBATEGY, Marc Pilisuk, Paul Skolnick, Xemneth
Thomne end Revben Chapman,

14 ON IMPLICATIONS QF FRODUCTIVITY CCEFFICIENTS AND EMPIRTICAL
RATIOS, Farry 3chiomler.

T NEFTH, CENTRALITY AND TOLGRANCE IN CCGNITIVE CONSISTENCY,
Marce Piliguk. '

148 THE GENERAL INCOWGRUITY ADAPTATION IEVEL (GIAL) HYPOTHESIS--
LI, INCONGRUI'TIZ MOYIVATION TO AVYECT, COGNITION, AND ACTIVATION-
ARQUSAL THMORY, Michmel J. Driver and Siegfried Streufert.

1350 PORITOLYN PEVISION, Keith V. Smith.

154 FERQES AND HOVIEDSMESS IN A TOTAL INSTTITUITON: ANOMIE THEORY
APPLIED TO A COLIECTIVE DISTURBAUCE, Ropewt Perrucei.

155 REGYIONAY, ALIOCATION OF INVESTMENT: A FURTHER ANALYSIS,
Akira Yakayomn .,

158 TWO CIASSTCAL MOKETARY MODEIS, C.Aff Llewd, .

161 THE PURCHASING FOWER PARITY THRORY: TN DEFENSE OF GUSTAV
CASSEL 48 A MODEBN THECRIST, Jamor M. Holwes,

162 HOW CHARLIE ESTIMATRE DUN-TIME, Jobu M. Dutten and William H,
Starbuck,

163 PER CAPITAL CONBUMPIION AND OROWTH(: A FURTHER ANALYSIS,
Ak’ ;“MA 'IH; kﬁyﬁm # v

164 IS PROBADYLITY O A CYCLICAL MASCRITY, Frank De Meyer and

Mi‘ﬁ ;&o Flot%. R
38




I D
BEST coPY. AVAILABLE

Ro. Title and Author(s)

166 THE CIASSROCM SCOMOMY: RUIRS, RESUIDS, REFIECTIONS, Joan A.
Carlson.

167 AN ACTIVITY MODEL COF THE FURM UNDER RISK, Carl R. Adems.

169 TAXES AND SHAFE VALUATION IN COMPETIIIVE MARYETS, Vermon L.
Smith.

171 PROGRAMMING, PARETQ OPYIMUM AXND THE EXITENCE CF COMPETITIVE
EQUILIBRIA, Alira Takayars and Mohramed El-Hodlrd.

178 ON THE STRUCTIRE OF OPYIMAL GROWIH FROBLEM, Akirs Takeyuma.

180 A NEW APFRCACH TQ DISCHETY. MATHEMATICAL PROGPAMING, G. ¥,
Graves and Andrew B. Whinaton.

181 EXPERIMERTING WITH "HE ARMS RACE, Marc Pilisuk and Favl Skolnick,

186 REGIONAL ALLOCATION OF TNVESTMENT: CORFEGENDUM, Akirs Takayama.

187 A SUGGESTED NEW MOFETARY SYSTEM: TRE CGOID VAIUE STANDARD,
Robert V. Horton.

193 MULDT-COMMODITY METWORK TLOWS WITH MULITPIYE SOURCES AND SINKSB,
B. Rothehild and Andrew Whinston.

198 OPTIMAL DISPOSAL FOLICIES, Carl Adens.

202 SOM FORMUTAS EEOOUNTERED 1N THE DEDUCTIVE ANALYSIS OF THIRD-
OBDER Ammuﬂ.tm PRCCF‘SB, p:o Ilo B&m m Ro J& mo

215 A CONVERGENT PARETO-SATISFACTORY NONTATOMIZMENT ADJUSIMENT
PROCESS FOR A CIABS OF UNSEINISH IXCEANGE EIWIRMB,
John 0. ILedyexd,

217 ON A "CONCAVE" CQMIRACT CIRVE, Akire Tmaaynma.

218 ~ THE EFFECIS OFf FISCAL AND MONETARY POLICTES UNDER FIEXIBIE
AMD F:DCE!D EXCHAYGE RATES, Akirs Taknyswe..

219 A MATCEING THEOFEM FUX GRATES, D. Kleltman, A. Martin-lof,
B. Rothehild and A. “ainston,

204 GENERALIZED OPINION IEADERSHIP IN CCXSUMER PRODUCTS: SOME
FRELIMINARY FINDINGS, Charles W, King and John O, Summers.

226 THE FIRM AR AN AUTCMATION ~ 1., Edvard Ames,

227 SECONDREST SOLITIONS, FEAX-IOADS AND MARGINAL COST FRICE
POLICIES POR PUBLIC UTILITING, Robert A, Meyer, Jr,

EQUIPMENT REPLACYMENT UIDER UNCERTAINEY, Robert A. Meyer, Jv.

39




239

241

242

246

250

251

253

250

261

262

3 BEST COPY AVAILABLE

CMigle apd Auchar(s)

ECOFNOMIC EFFECTS OF UNTFOIM CONGMAR CREDIT CUDN: A COMMENY,
David C. Zwart.

OPTIMAL ADVERTINSING EXPERDITURE IMPLICATIONRS OF A SIMUITANEQUS- -
EQUATTOR KRCRESITON ANALYSIS, leonard J. Farsons and Frank M.
Baso.

OPPOITTION (F FREYEREMCES AND THE THECRY OF MUBLIC GOQDE,
Robert A. Meyer, Jw,

TE TAYATION OF RESIRICUIED STOCK COMENIATION PLANS, G. W.
Hettenhouge and: Withur G. lLewsllien,

TECOMPOSABIE REGNESSION MODELS IV THE AWATLYSIS OF MARKET
POTENTIALS, Frank M. Beas.

OPPORTUNITY CQSTE AND MODEIS (F SCHMOLING IN THE NINETEENTH
CENTURY, Tewla Solmon,

ESTIMATIRG FREQUENCY PUHCTIONS FROM LIMITED DAYTA, Xeith C,
Brown.

OM OPITMAL CAYITAL ACCUMUIATION YN 'THE PASTNEITI MODEL OF
GROYIMH, 5. C. Hu.

MOREY, INTOREID ‘3D 201ICY, P. H. Hendershott and George
Horwich.

ON FE FEAN-100D FROEIEM, Akira Talmyam.

A FOTE O TRCTNICAL FROCEESS, INVESTENT, AND OFTINMAL GROWYH,
Sheng Cheng He. .

MARUFACTURERS' SATES AND LNVENTORY ART(CIPATIONS: THE ORE
COMPUIATIONAL PRCEVIRES, John A. Cazrlson,.

WO ALGGIIAYS POX INTEGR OPTIMIZATION, Rdina loelman,
Taen Fh. Tbiam and Andrew Wainsbton,

AGE-DEFENDRYT ULy IN THE XIFETIME ALLOCATION FPROBIXM,

UNIQUENESS DEPRIVATION: I. HYPOTHESES AND METHODOIOGICAL
FRESCRIPIIONE, Howaxd Fromkin.

AFPECTIVE AD VATUATIONAL CONTHQUENCES (f SEIP.FERCEIVED
URIQUENRSE DRFaAXIaN: XX EAPERIMENTALLY mwmfmrm
0F SEIF FERCRIVED STMIIARTTY AS AW HORCIRARLE AFYECTIVE SZATS,

40




BEST COPY AVAILABLE

AFFRCIIVE AND VAIUATTONAL CCHSKEQUENCES (F SBIF-PERCEIVED
UNIQUENESS DEPRIVATION: ITT. THY EFFECTS OF EXPERIMANTALLY
ARJSED FEELTHGS OF SEIF PERCETVED SIMILARTTY UPOX VAZUATION
OF UNAVATLABLF AND NOVEL AXPERTENCES, Hoenrd Fromkin.

ATR POLIUTION AND HOUSING: SOME FINUI3S, Robert J. Andersom,
APPLICATION QF FEGRESSION MODRLS IN MARWETING: TESTING VERSUS
A LINEAR PROCEAMMING AVFROACH T0O AIRPORT CCRGESTION, Donald

ON PARETO OPTIMA AND COMPETITTVE BQUILIBRTA, PART X. REIATION-
SHIP AMONC EQUILTERTA AND OFTIMA, Jamez C, Moore.

ON PAXETO OPTIMA AMD COMPETIXIVE EQUILIBPIA, PART II. THE
EXISTENCE (F EQUILIZERIA ARD OPUIMA, Jumes C. Moore,

A COMPARISH O TEHEE MULIT-PRODUCT, MUILT-FACIIITY BATCH
SCEEDULING ZETRISTICS, Devid R. Denzjer,

A REFREGENTATION OF TWIRGER POINTS IN POIYYEDRAL COME, Fh.
LINE (F MISINE3S RUPOKITNG -~ A METBODOLOGYT TOR RETIMATING
MARRETTNG AFPLICATICONS OF am:w~m:.,=m!mm) OCCUPATION SKILL

VARIABIES, F. A. Pessemier and D. J. Tigert.

THE FULL-EMPLOTMENT YN'IEREST RATE AND T8 FEUTPALIZED MONEY
SOME APPLICATIONS OF THE CHANGE OF BATE “7CENIOUE IN DOEGER
A VEIFARE YURCTTOM UIING "MELAMIVE ITMERSITY" oF PREFERENCEK,
Frank DeNeyer nd Charlea R. Plott.

RACE AND COMPRAENCE A3 DETROMINANTR OF ACCEZTANCS OF MEW-
COMERS TN SUUCESS AXD PATILUNE WORK 4ROUPS, Howard L. Fromkin,
Richard J. Klimoski, end Micheel F. Flavagen.

EREHIP, POWER AND INFLUENCE, Donald €. ¥ing and

RECENT RESULNS IN TdY THEORY OF VOITHU, Charles R. Plott.

DISAQGKECATION OF Axm,xs'm OF VARIAMCE FOR PATRED COMPARISONS:
%ngﬁ%cgmﬁ 70 . WA KXPERDENT, B. A. Pessemier and

Paper
Yo, Title and Author(s)
263
Jr., and Theaoas D. Crocker.
265
FORECASTIING, ¥Frank M, Pase.
267
WO Kiaf'@ro
268
269
271
4 (4
Tuan Ngnier.
BEREFITS, Russcell M., Barefield.
27h
275
STOCK, Fatric H. Hendershott.
276
PROGRAMMING, Ph. Tuan Nghiers.
277
279
280
Bass.,
281
282

1




Papex
No.

W'SW

BEST COPY AVAILABLE

Title and Av (

263
204
285
286

287

288
289

29).

299
300
302
303

304

MARKET BuSIOWDE 70 IMNOVATION, YURTHER APRLICATIONI OF 'THE
BASS YEW TRODILT GRCEM MODE. Joim V. Nevers,

FROFESSTONALLGY, UVIONLSM, AND COLLECTIVE XEGNTIATION:
TEACHER RECODT AZTONS FOUPFRIEIE 1N [N CATIFORNIA, Jemea A, Craft.

A THEQUENCY DLUMALN TEIP OF 'O DrSTIRIANCE TWRM IX LIADAR
FEGRESEION MCLULWS, Toomas F. Zergill and Tobard A. Meyer,

EVALIATING ALTERNATLVE PROFOMLLE AWD SCRROES OF NEW DFORVATION,
Bdgar A. Pecgenion.

A MULTIVARTATE ZRGERSSSON ANALTSIS OF 7P WESPOVERS OF
COMPETING 2ARANDE TO ALVERYTSING, Srank M. RBaus ard Nell E.
Beckwith.

ASSESSTIRG REGUIATORY AITERIATTIVES POR 1907 FAYURAL GAS
PROOVICTNG DOUNRYL, Xeitia €. Frowa,

TESTING All ARAVIYE TIVEWAORY CORTROL MNOTRL, D. Clay hWkybark.,
THE TARCY ARUITTCONT DRCIUYON: AR APPLICATION OF WORK FIOW
STHUCTURRE TAROAMATION., Wililom K. Holobely sad William L.
Berry.

AN FOPICIRS FRAMCHE ANS DO A.[K;ORI)I’I-W FOR THE WAREHOUSE
TOCATION PROBTOM, Tagarer M, Mhumevels.

THE TWRERACTLON OF GROUP STZE AND TASK OYRUCIUARE I8 AN
INCUSIEETAL OPGIITLZAMION, Robext C. Custainr and Doosld ¢. Xing.

PROSECT AXD FQEFAM DECTITCONS X RE%MWI' AED DEVELOSMENT,
Edgay A, Fespemier sod Norman R Baker,

SEQMENTTIC CONSUMER MARKSES WITH ACTIVLIY AND ATTITDE MIASURES,
Thanps Hushad and Sdesy Pogecuier,

R & D MAJAQERR' CEOTUSE (F VEIORNEIS POLICTES T SIMUIATED
R & D EEVIAORTING, Herbert Moslowihza

DITRTION MWD COURTER. “TIL70% T8 FROONN: FOR IYPERIED
EQUITYE, Chexlex Al Trlbochlew,

A METHOROLONY FOF 50 NESYGN ARD OPIIMIZATION OF INFORMATION
PROCESSINC. SYSTRME, J. ¥, Ruomasker, Jr.

ON PRODUCTIQY FINTIONE AND ETASTICITY OF SUNSTITUIION,
X. R. Kaé.iya.la

AN FPXRRIMENTAL LWMETICATION OF NRCISTON MANIN: 1IN A

SIMUTATED TEREAROS (M0 DEVETORMENT NNVIR(GMT, Rexhert
Moakowitz,

42




Paper
0.

305
307

309

311

313

31k

316

317

321

322

328
330
332

333

-
w() oy

Title anc Aulthor(«'
A NOTE ON MONFY AND TROWTH, Acira Tekaytms.

AN EXTERTMENTAYL CT0Y OF REIATTOVSHIPE ZETWEEN ATTITUDES,

and Donald 5. ehman.

WAGES AND HOUTS A "IOWIFICANT TSRS TN COLILCTIVE RARCAINING,
Toul V. Johnson, . -

AN BFFICIENT MOULISTIT ALGORITER 2 THR WAVDNOUSY LOCAYION
FRCBIEM, Badnoee M. Qugmwals,.

REACTIONS X0 XLADWEIHIP SIVIE AS A TUNCTION OF FEROOMAIXTY
VARTABLES, M, H. Eucker and D, 2. Kiag.

FIRE FICHLIR STRATEGY T WAQL WECOYTANIONG, James A. Craft,

TESTING DISWRIBIIED TAS MODEIS 0 ADVENTSTNG EFTACY - AN
ARALYSTS OF DTEZTARY WEIZHT CORTROL BRIDUCT DAYA, Frank M.
Besg and Tmyesl L G, Tlarvke, .

AN EMPITYCAY, TNTRSTEIOATION OF TER FELIARTLITY AND STABILITY
OF SBIBCTED ACTIVIIY ARD AITITUCE WRASIRES, Edgar Pessemier
and Albexs Bonumo :

BEEATIOR OF THT FIRY WDEN HEQUIATORY CONSIRAINT: CIARIFI-
CATIONS, Mohawed hl«Hodiri and Adudws Teloyawoa.

DRFPECIATION POLICY ARD THE HJATIOPR. OF CORPORATE PROFITS,
Rugse)l M. Baxefiell end FEugene L. Comirier.

JAROHATORY RESFANCH A0 THE ORCANZZATTION: (EMUTRALIZYIY FROM
IAB TO LIFE, Zowerd L. Propkia snd Momss M. Qstran,

TOT SIZING PROCIDIDNS FOR FEQULREMITIS PIAYNING SYBTEMS: A
FRAMEVORE FOR AMALYETS, Wiitimn %. Berry.

PRICATYY SCHELULIING AYD IAVENTOWY CONTROL IN JOB LOT MAMUFACTURING
md»s, '.""illi-':’."n Ia‘f :3 r‘mf v

THE EXFECTED ZAKE OF INFIATION BEFORE AND ATTER 1966: A CRITIQUE
OF THE ANDERTL(-CARLSON EQUATION, Patiric H. Hendershots.

A FURTHRR FROBIIM IF XEAD-TAG MRTSCTION, Rebert A, Meyer, J¥,

TE SMOCLDIN HYPMITISIS: AN AUC [IVE TEST, Russell M.

Bareficld and iugene B, Coelslee,

CONAERVATIEM OF CRCTP INPCRMALTON FROCEASING JWHAVIOR UNDER
VARYIHG MANACEI T TR TN TNETRE, Perbnrt Moskowitz.

43




339

30

5

W6

W7

348

39

350

352

352

353

BEST COPY AVAILABLE
M1 and Auttor!a)

FRIMACY, SFFEITY LV TNPORMAYION PROCESSING BEMAVICR -~ THE
IRDIVIDIAL YTRIVG "ME GROUPR, Dexbert Moskowibsz,

VEHICIE ROUTIAY FROM CENTRAL FACILITI®G. Bxiau ¥. O0'Neil and
De Clay ¥Winyoaak,

URFXPTATINED VAPIANCE LY STUDIES QF CORSUVER ATHAVIOR, Mok
M. Pasa.

THE PRODUCTION MURCTION A A MODEL OF THYS KEQUINIMENTS (Z THR
INFANTRY SERGEAN' 3 RIIE, Kiochard C. Roigimcher snd Jown J.
Fherwood.,

SEIECTING FXTORCHTTAL SMOTSORE MODKL PARAMRMERS: AN AFPLI-
CATIGH OF PATTERY WRARCE, Williew L. 3exrsy avd Friodhelm W.
Bliemel.

AN TRTEGRAXIDD PRAINATION (F NIDTA APIRCGACHES 70 MARKRST
SEGMENTATICN, JJdbert Bruao, Thawge Zusted sedl Ndigar Pepsenier.

IABORATORY bYETNRMEETATICN, Zoward L. Tromitla and Slegfried
Strevferi,

REVERSAL o8 TN AMTMOE SIMIIARITL-ATERACTION EFFECT BY
DITIQUENSE LIPUVATION, Wermzd L. Frmkin, Robert L. Dipboye
and Mariiyn Pyie, '

WILL THE FEAY, CONOUERCACTIVIST PIEAST STAND UP, Thcms P.
Austad snd Edgnt A. Peasemien.

ML -ATTUBME MODRIR FOR PEDLIOTING DNDIVIOUAL PRENERENCK
AXD CHOTICH, Edray ., Fespemier.

THE VAR OF COPCRMATION TN AGCIRGATE FRODUCTION PIAMYIK -
A BIEAVIORAYL NDMNEVELT, Hexboybt Moseowisis .

A MPASUREMEN® AKD COMEOSTTICN MODEL FOR TADIVIUUAY CHOICE
AMCG SCOCTAL ASEPENATIG, Ddunr A. Pessemier,

TR REQCMASSTIAL TREORY OF INVESTMENT A ADTNTMERT CORTS,
Ardes, Tekoynon,.

A SURVEY. OF FACTIITY YOCATION METHODG, D, Clay Whybark aud
Bashear M. Mhvimvnla.

TR JOCUS AMD BATIS OF INPLUENCE OR CROAMIVATION IECISIONS,
Martin Mtoben,
A PIPA FOR A FOURTH TRADITION - AMD TOR MOONOMYOS, Robert V.

BARLY AFPLICATION: (O STRCTHAL METHODS 20 LOONOMIC TIME OERES,
ot £ Cazpiol. A4




I , ~ti
BEST COPY AVAILABLE

Paper .

O Title and Awihoris)

354 STUDERT APPLICATTONS TN 4 FRIMCIPIRS COURSE OF ECOK ANALYSY

LAY A \ . B W r b 5 c .

T0 SEIF-DISCOVERED ITEMS, Aobert V. Horton, o 8

355 BRANCH AND BOUND AIGORITHMS FOR LOCATING EMERGENCY SERVICE
FACILITIES, RBasheer M. Xnmawmln.

3% BEHAVICRAL SCIENCER TABORATORIES DESIGN VACTORS, Benjemin L. Mays.

357 AN EFFICIENT ALGORITHM FOR CENTRAL PACILITIES LOCATION, Basheer M.
Khumawala. .

358 AN EXPERIMPNTAL STUDY OF ATTITUOE CHAWGE, ADVERTISING, and USAGE
IN NEV FRODUCT INURODUCTION, Jemes L. Gdnter and Fronk M. Bags.

359 DENIAL OF SEIF-HELP REPOSSESSION: AN ECONGMIC ANALYS1S,
Robert W. Joneon,

360 WAREHOYSE TOCALION WITH CONCAVE COSTS, Desheer M. Khumawals
and David 1. Xelly.

361 LINEAR ANT' NONLINGAX ESTIMATION QF FRODUCTION FUNCTIONS,
R. A, Meyetr and XK. R. Kadiyels,

362 QUAST-CONCAVE MINIMLZATION SURJECT TO LINEAR CONSTRAINTS,
Antal Moithey ond Andrew Whinston.

363 PRODUCTION FUNCTION THEORY AND THE OPTIMAL DESIGN OF WASTE
TREATMENT FACTLITINS, Jawes R, Marsden, David E. Pingry and
Andrew Whinstoa, .

364 A REGIONAIL PIANITING MODEI I'OR WATER QUALITY COMTROIL, David E.
Pingry and Andrew Whinston.

365 ISSUES IN MARKETING'S USE OF MULTI-ATTRIBUTE ATTITUDE MODELS,
William L. Wilkie and Bdgar A. Pessemier.

366 A SOCIAI, PSYCHOIOGICAL ANATYSIS OF ORGANTZATIONAL INTEGRATION,
Howard 1. Fromiin.

357 ECONOMICS OF WASTHWAYER TREATMENT: THEZ ROIE OF REGRESSION,
J. R. Maraden, D. E. Pingry and A. Whinaton.

368 THE ROIE OF MOEIS Ti° NEW FRODUCT PIANNING, Edgar A. Pessemier
and H. Paul Ront.

369 A NOTE NN FREFRRENCE OKDERINGS WHICH ARE CONVEX 10 THE ORIGIN,

370 AXIOMATIC CHARACTERIZATIONS O CONSUMER PREFERENCES AND THE
STRUCTURE CF THE CONSUMPTION SET, Jemes C. Moore,

n BUSINESS POLICY 2P STRATEGTIC MANAGSMEMT: A RROADER VIEW POR

AN BMERGING DIUCTPLING, Den X, Schendal sod Renmeth J. Hatten,

45




Paper
No.

372

373
37h
375

376
377

379

381

382

263

387

Title and Auvthor! (s)

MULTT -ATTRIRULE CHOICE THEORY - A REVIRW AND ANALYSIS, Edgsr A.
Pesgemier and Williem L. Wilkie,

INFORMATION AND DECISION SYSTEMS FOR PRODUCTTION FIANNING: A
NEED ¥OR AN INTER-DTSCTPLINARY MERSFECTIVE, Hexbert Moskowitz
and Jelfrey 5. Miller.

ACCOUNTING FOR THE MAN/TNFCRMATION INTERFACE I MANAGEMENT
TNPORMATION SYSTENMS, Heroert Moskewliiz and Richard Q. Mason,

A COMFETITIVE PARITY APPROACH TO CRAETITION IN A DYNAMIC MARYWAT
MODEL, Rendall L. Sehulbz.

BEHAVIORAL MOUEI, RUTIDING, Kandall L. Schultz and Dennis P. 8levin.

THE HALO EFFECT AND SEIATED ISSUES IN MUTTY-ATTRIBUTE ATTITUDE
MODELS - AN EXJERDMENT, Willism L. Wilkle and John M. McCann.

AN TMPROVED) METHOD POM SOLVING THL FCREGATCD STORAGY PRODIEM,
Be.sheer M. Khumawela aqc David G, Damnenbring.

ON THE FROBADILITY OF WINWING TN COMPETITTIVE BILDING THECQKY,
Keith C. Erown,

COST ALIOCANISN UK &IVER DASIN PIANNING MODELS, E. Lochman,
D. Pingrr ard \. Wrinclton,

FORBCASTING DRVANG YOR MELICAL SUPPLY ITEMS USING EXPONENTIAL
AND ADAPYIVD SHCOTHING MCDELS, Everett B, Adem, Jr., Willlan L.
Beryy and D. Clay Whylamk.

SETTING ADVSRTISING APFROFRIATIONS: DECTSION MOUELS AND
ECONME'TRIC FESEARCH, lacnard J. FParsons and Randall L. Schulbz.

ON TIE OPTIMAL GEOWTH OF THE NC SECTOR LOOYGMY. Tolm Z.
Drabicki and Akire Telsormia.

UNCERTATY CNSTS 10 COMZETICUVE BIDDING, feith €. Brown.
EFFECTS CF THE MUMTED AND UVEE OF ATTRIBUIES TNCLUDED IN AN

ATTTTUOE MCDE s »037 & NOT BETIER, Wiiliam L. Wilkie and Rolf
b, Weinreizh. B

PARENO OPTIMAT ALIOCATIONS AS COMPETITIVE EQUL LIBRIA, James C.
Moore.

A PIANNTNG AND COST ALLCCATION PROCELURE FOR COMPUIE IER SYSTEM
MANAGEMENE, J. F. Nunameker and A Whinston.

PROFESSOR DERIEU' 8 “"MARKED EQUILITRIUM" THECRIM: AN EXPOSITORY
NOTE, Juwese €. Moore.
46




1

Paper
No.

gEST COPY AVAILABLE

Title and Author(s)

389

390

391

THE ASSIGNMENT OF MEN TO MACHTNES: AN APPLICATION OF RRANCH
AND BOUND. Jeffrey G. Miller and William L. Berry,

THE IMPACT OF HIERARCHY AND GROUP STRUCTURE ON INFORMATION
FROCESETNG IN DECISION MAKING: APPLICATION OF A NETWORKS/
SYSTEMS APPROACH, David L. Ford, Jr.

PROCESSTMG SYSTEMS OPTIMIZATION THROUGH AUTOMATIC DESIGN AND
REORGANIZATION OF PROGRAM MODULZES. J. F. Nunamsker, Jr.,
W. C. Nylin, Jr. ané Benn Konsymsk:.




